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Introduction and results* In the first two sections of this paper A will be assumed to be an irreducible nonnegative ^-square matrix; A Ξg 0. Let s k = s fc (A) denote the sum of the entries in the matrix A fc , where k is a positive integer. The problem considered in the first section is the convergence of the ratio sjs^ as k -> oo. In § 3 we obtain an inequality relating the s k for various k in the case A is a Hermitian matrix and in § 4 we discuss convexity properties of s 2 /s 1# Let λi be the dominant positive characteristic root of A which can be taken as 1 for the purposes of our subsequent arguments. If h is the number of charcteristic roots of A of modulus 1, then they are the roots of \ h -1 = 0 and are all simple [3] . Let ε = e 2πίlh so that 1, ε, ε 2 , , ε 7 *" 1 are the roots of modulus 1. Choose permutation matrices P and Q so that (1) and ( where the zero blocks down the main diagonal in both (1) and (2) (4) and (3):
The notations (z i9 c^) and (w if rj will be used for the ordinary euclidean inner product. Our main result is in terms of these inner products. THEOREM 
lim^oo Sfc/s^-i exists and is equal to the dominant characteristic root if and only if the numbers
are all equal for a = 1, , h. We remark that the indices in (5) are to be reduced modulo h. In case A is symmetric then the roots of modulus 1 can be only 1 or -1. Thus h = 1 or 2. In case h = 1 (A is primitive) then Theorem 1 automatically holds since there is only one item (5). In case h = 2 we have. THEOREM 2. If is irreducible and has maximal characteristic vector In general lim^oo sjs^ may exist without the convergence being monotone, e.g. ^4. = Γ^ *Ί. Then A 2 = 2A + 31, and hence β* = (9/4)3* -(l/4)(-l)\ which converges to 3 but not monotonically.
2. Proofs. Choose S to bring A to Jordan normal form 1 0 ε
A = S°0
Let E i} be the ^-square matrix whose single nonzero entry is a 1 in position (i, j) and set J = ΣnjEij Then
If x is an ^-vector it will be convenient to denote by σ(x) the sum of the coordinates of x. Moreover, S t and S fi will designate the ίth row and column of the ^-square matrix S respectively. Let ft = (S~1JS) tt From (11), (12) and (13) we have, for e the w-tuple all of whose coordinates is 1, where the subscripts are always reduced modulo h. 
Letting k = 0, , h -2 successively in (17) and noting that Πosi<jsft-2(ε* -ε 0 ^ 0 we conclude that μ t (l -ε The condition that the items (5) be equal for a = 1,2 becomes, in succession,
Ci = {σ(Cd, ---,σ(C p )) c^iσiC^--.σiC*)), and
Now Cb = <z, C τ a = b and hence a -Σ?=:AC\ b -Σ?=i#iC^. We then have from (18) that σ(a) = σφ) is equivalent to (5) in the case A symmetric and h = 2.
The convergence of Sj.ls,,^ in Theorem 3 is clear since h -1. If A is posititive semi-definite and a ^ 0 let A" be the unique positive semidefinite determination. Then if p and q are nonnegative, The left side of (22) we remark that formula (21) doesn't yield s 0 -Σ/l=i w in unless A is nonsingular. But the singular case follows from the nonsingular one by the standard continuity argument.
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